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SUBSTRATE PROCESSING APPARATUS AND SUBSTRATE PROCESSING 
METHOD 



1. Field of the Invention 

The present invention relates to a technical field 
of a semiconductor device production and so forth, in 
particular, to a substrate processing apparatus and a 
substrate processing method for performing a heating 
process for an insulation film material coated on a 
substrate . 

2. Description of the Related Art 

When a semiconductor device is produced, an inter- 
layer insulation film is formed by for example an SOD 
(Spin on Dielectric) system. The SOD system spin-coats 
a coating film on a wafer and performs for example a 
chemical process or a heating process for the coating 
film so as to form an inter-layer insulation film on 
the wafer. 

When an inter-layer insulation film is formed by 
for example sol-gel method, an insulation film material 
is supplied on a semiconductor wafer (hereinafter 
referred to as "wafer"). The insulation film material 
is for example a solution of which a colloid of TEOS 
( tetraethoxysilane) has been dispersed to an organic 
solvent. Thereafter, a gelling process is performed for 
the wafer on which the solution has been supplied. Next, 
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the solvent is substituted. A heating process is 
performed for the wafer of which the solvent has been 
substituted. 

In the above-mentioned heating process, after the 
5 solvent is volatilized by for example a low temperature 

heating process, a high temperature heating process is 
performed so as to perform a polymerizing reaction for 
the wafer. In addition, recently, to accomplish a low 
dielectric constant insulation film (namely, as a means 
10 for causing an insulation film to be porous), a high 

temperature heating process is performed for a short 
time period as a post treatment process. 

At present, since the low temperature heating 
process, the high temperature heating process, and the 
15 post treatment process are performed by different units, 

footprints increase and throughput decreases because 
wafers should be transferred among those units. 

To solve such a problem, it may be thought that 
those heating processes are performed by one unit. 
20 However, in that case, a waiting time is required until 

the temperature condition of the heating process 
chamber is changed for the next step. In the waiting 
time, the film quality may deteriorate. 

In addition to the process temperatures, the 
25 atmosphere and pressure slightly vary in each process. 

Thus, when the atmosphere and pressure condition are 
changed, they may adversely affect the film quality. 




Summary of the Invention 
The present invention is made from the above- 
described point of view. An object of the present 
invention is to provide a substrate processing 
apparatus that allows the film quality to be properly 
maintained while sufficiently decreasing footprints and 
shortening the transferring time. 

In addition, nowadays, to accomplish a high speed 
device and a low power consumption, as a condition of 
quality of an insulation film, a low dielectric 
constant insulation film is required. To accomplish a 
low dielectric constant insulation film, a porous film 
may be used. However, since a porous film is weak, a 
desired hardness cannot be obtained. Thus, the use of a 
porous material is restricted. 

Therefore, another object of the present invention 
is to provide a substrate processing method and a 
substrate processing apparatus that allow an insulation 
film having a predetermined dielectric constant and a 
desired hardness to be formed. 

To accomplish the above-described object, a first 
aspect of the present invention is a substrate 
processing apparatus, comprising a heating process 
chamber in which a heating process is performed for a 
substrate, a load lock chamber, connected to the 
heating process chamber, for controlling at least 
oxygen concentration and pressure, a transferring arm 
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for transferring the substrate between the heating 
process chamber and the load lock chamber, and a gate 
valve for shielding the heating process chamber from 
the load lock chamber. 
5 In such a structure, after a predetermined heating 

process has been performed in the heating process 
chamber, a substrate is temporarily placed in the load 
lock chamber whose oxygen concentration and pressure 
£2 are the same as those of the heating process chamber, 

ijj 10 Thus, the film can be stably formed and thereby the 

5? film quality can be properly maintained. 

rjS When a condition of the heating process is changed 

^ and the heating process is performed with the changed 

f~ condition, a substrate is temporarily placed in the 

^ 15 load lock chamber disposed adjacent to the heating 

□ process chamber without need to convey the substrate to 

another unit. Thus, the transferring time can be 
shortened. In addition, footprints can be decreased. 
The substrate processing apparatus of the first 
20 aspect of the present invention further comprises a 

first exhausting portion vacuum exhausting the heating 
process chamber, a second exhausting portion normally 
exhausting the heating process chamber, and a selector 
adaptively selecting the first exhausting portion or 
25 the second exhausting portion and causing the selected 

means to operate. The first exhausting portion reduces 
the inner pressure of the heating process chamber to 
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around 1330 Pa or less. The second exhausting portion 
reduces the inner pressure of the heating process 
chamber to around 100000 Pa or less- Thus, the internal 
pressure of the heating process chamber can be 
5 controlled corresponding to each processing condition. 

The substrate processing apparatus of the first 
aspect of the present invention further comprises a 
controller controlling the temperature of the heating 
process for the substrate in the heating process 

10 chamber. The controller is capable of controlling the 

temperature in the range from 100QC to 800QC. Thus, the 
heating process can be performed corresponding to a 
variety of types of insulation films. 

The substrate processing apparatus of the first 

15 aspect of the present invention further comprises a 

supplier supplying inert gas to the heating process 
chamber. Thus, the oxygen concentration in the heating 
process chamber can be dynamically controlled. 
Consequently, the heating process can be performed 

20 corresponding to a verity of types of insulation films. 

In the substrate processing apparatus of the first 
aspect of the present invention, the transferring arm 
has a temperature adjusting portion adjusting the 
temperature of the substrate placed on the transferring 

25 arm. Thus, since the low temperature heating process as 

the pre- stage of the heating process performed in the 
heating process chamber is performed in the load lock 



chamber, the process time can be shortened. 

In the substrate processing apparatus of the first 
aspect of the present invention, the load lock chamber 
has an opening through which the substrate is 
transferred to/from the outside, and a shutter for 
allowing the opening to be opened and closed. Thus, the 
load lock chamber can be air- tightly shielded so that 
the substrate is not exposed to the outer air. 

In the substrate processing apparatus of the first 
aspect of the present invention, when the heating 
process for the substrate is performed in the heating 
process chamber in a changed processing condition, the 
substrate is temporarily placed on the transferring arm 
in the load lock chamber. Thus, the heating process can 
be performed in a plurality of processing conditions 
whose temperatures are different so that the substrate 
is not exposed to the outer air. Thus, the substrate 
can be prevented from being oxidized. In addition, the 
throughput can be improved. 

The substrate processing apparatus of a first 
aspect of the present invention further comprises a 
supplier supplying active gas to the load lock chamber, 
and a sprayer spraying the active gas to a front 
surface of the substrate in the load lock chamber so as 
to reform the front surface of the substrate. Thus, 
only the front surface of the insu 1 at ion fi lm _i s 
oxidized. As a result, the front surface of the 



insulation film can be more hardened. After the 
temperature adjusting process and the surface oxidizing 
process are performed in the load lock chamber, the 
substrate is unloaded to the outside and directly 
exposed to the outer air. However, since the 
temperature adjusting process has been performed, the 
temperature of the substrate has been lowered. In 
addition, since the front surface of the insulation 
film has been oxidized, the front surface is not 

further oxidized. Thus, an insulation film in high 

^ — — — — 

quality can be formed. 

A second aspect of the present invention is a 
substrate processing apparatus, comprising a heating 
process chamber in which a heating process is performed 
for a substrate, a load lock chamber, connected to the 
heating process chamber , controlling at least oxygen 
concentration and pressure, a transferring arm for 
transferring the substrate between the heating process 
chamber and the load lock chamber and performing a 
heating process for the substrate, and a gate valve for 
shielding the heating process chamber from the load 
lock chamber. 

In such a structure, when a condition of the 
heating process is changed and the heating process is 
performed with the changed condition, a substrate is 
temporarily placed in the load lock chamber disposed 
adjacent to the heating process chamber without need to 



convey the substrate to another unit. Thus, the film 
quality can be properly maintained. The transferring 
time can be shortened. In addition, footprints can be 
decreased. 

In the substrate processing apparatus of the 
second aspect of the present invention, the temperature 
of the heating process in the heating process chamber 
is in the range for 400QC to 450QC, whereas the 
temperature of the heating process in the transferring 
arm is in the range from 15QC to 250QC. 

A third aspect of the present invention is a 
substrate processing apparatus, comprising a heating 
process chamber in which a heating process is performed 
for a substrate, a first exhausting portion for vacuum 
exhausting the heating process chamber, a second 
exhausting portion normally exhausting the heating 
process chamber, and a selector adaptively selecting 
the first exhausting portion or the second exhausting 
portion and causing the selected means to operate. 

In such a structure, since the normal exhaust 
whose pressure is nearly the same as the atmosphere as 
the first exhaust or the vacuum exhaust using vacuum as 
the second exhaust can be selected, by controlling the 
pressure and oxygen concentration in the heating 
process chamber along with an air flow therein, the 
film quality can be improved. 

A fourth aspect of the present invention is a 



substrate processing apparatus, comprising a process 
chamber, a heating plate, disposed in the process 
chamber, performing a heating process for the substrate, 
a supplier supplying inert gas, reactive gas, or liquid 
vaporous substance to the process chamber, and a 
pressure reducing portion reducing the inner pressure 
of the process chamber. 

The substrate processing apparatus of the fourth 
aspect of the present invention further comprises a 
controller controlling the supplier and the pressure 
reducing portion so that the oxygen concentration of 
the process chamber decreases at a velocity in the 
range from around 6000ppm/ second to 20000ppm/second. 
Thus, an insulation film with a desired hardness and a 
desired relative dielectric constant can be formed. 

A fifth aspect of the present invention is a 
substrate processing method, comprising the steps of 
(a) raising the temperature of a substrate to a 
predetermined temperature at which a heating process is 
performed for the substrate and decreasing the oxygen 
concentration in an area of which the substrate is 
processed at a velocity in the range from around 
6000ppm/second to 20000ppm/second, and (b) performing 
the heating process for the substrate at the 
predetermined temperature in the area with the 
decreased oxygen concentration. 

In such a structure, an insulation film with a 
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desired hardness and a desired relative dielectric 
constant can be formed. In the substrate processing 
method of the fifth aspect of the present invention, 
the step (a) is performed by decreasing the oxygen 
concentration of the area in which the heating process 
is performed for the substrate at a velocity of around 
10 OOOppm/ second. 

In the substrate prpcessing method of the fifth 
aspect of the present invention, step (a) is performed 
by reducing the inner pressure of the area while inert 
gas, reactive gas, or liquid vaporous gas is being 
supplied to the area so as to decrease the oxygen 
concentration of the area. 

In the substrate processing method of the fifth 
aspect of the present invention, the step (a) includes 
the step of increasing the oxygen concentration of the 
area. Thus, only the front surface of the insulation 

film can be oxidized. Consequently, an insulation film 

r — — - -~ ^ — , — 

with a desired hardness can be obtained. 

These and other objects, features and advantages 
of the present invention will become more apparent in 
light of the following detailed description of a best 
mode embodiment thereof, as illustrated in the 
accompanying drawings . 

Brief Description of Drawings 

Fig. 1 is a plan view showing the overall 
structure of an SOD system according to the present 
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invention; 

Fig. 2 is a front view showing the SOD system 
shown in Fig. 1; 

Fig. 3 is a rear view showing the SOD system shown 
5 in Fig. 1; 

Fig. 4 is a perspective view showing a multi- 
functional hot plate curing unit (MHC) according to the 
present invention ; 

Fig. 5 is a sectional view showing the multi- 
10 functional hot plate curing unit (MHC) shown in Fig. 4; 

Fig . 6 is a schematic diagram showing a 
temperature adjusting mechanism of a wall portion of 
the multi-functional hot plate curing unit (MHC) shown 
in Fig. 4; 

15 Fig. 7 is a flow chart showing steps of a process 

of the SOD system according to an embodiment of the 
present invention ; 

Figs. 8A to 8E are schematic diagrams showing a 
wafer traveled between process chambers in one 
20 processing condition; 

Fig. 9 is a table showing a processing condition 
according to the embodiment of the present invention; 

Fig. 10 is a table showing a processing condition 
according to the embodiment of the present invention; 
25 Fig. 11 is a table showing a processing condition 

according to the embodiment of the present invention ; 
Fig. 12 is a graph showing the relation among 
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process time, heating temperature, and oxygen 
concentration in the heating process chamber in the 
processing condition shown in Fig. 9; 

Fig. 13 is a graph showing the case of which 
5 oxygen concentration is increased during the heating 

process shown in Fig. 12; 

Fig. 14 is a table showing another processing 
condition; 

Fig. 15 is a graph showing the relation between 
10 elapsed time and oxygen concentration in the processing 

condition shown in Fig. 14; 

Fig. 16 is a sectional view showing a multi- 
functional hot plate curing unit (MHC) according to 
another embodiment ; 
15 Fig. 17 is a plan view showing a lid member shown 

in Fig. 16; 

Fig. 18 is a sectional view showing the lid member 
shown in Fig. 17; 

Figs. 19A and 19B are sectional views showing a 
20 wafer heating process and a flow of nitrogen gas in the 

state that the lid member is raised; 

Fig. 20 is a sectional view showing a flow of 
nitrogen gas on a wafer in the state that the lid 
member is lowered; 
25 Fig. 21 is a sectional view showing a wafer 

heating process and a flow of nitrogen gas in a heating 
process space R in the state that the lid member is 
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lowered; 

Fig. 2 2 Is a sectional view showing an unloaded 
wafer and a flow of nitrogen gas after the heating 
process has been performed; 
5 Fig. 23 is a front view showing an SOD system 

according to another embodiment of the present 
invention ; 

Fig. 2 4 is a rear view showing the SOD system 
shown in Fig. 23; and 

10 Fig. 25 is a perspective view showing a part of an 

SOD system according to a further embodiment of the 
present invention . 

Detailed Description of Preferred Embodiments 
Next, with reference to the accompanying drawings, 

15 embodiments of the present invention will be described. 

Figs. 1 to 3 show the overall structure of an SOD 
system according to an embodiment of the present 
invention. Fig. 1 is a plan view. Fig. 2 is a front 
view, and a rear view of the SOD system. 

20 Referring to Figs. 1 to 3, an SOD system 1 is 

composed of a cassette block 10, a first processing 
block 11, and a second processing block 12 that are 
integrally connected. The cassette block 10 transfers a 
cassette CR from the outside of the SOD system 1 to the 

25 inside thereof or vice versa and loads and unloads a 

semiconductor wafer W (hereinafter referred as a wafer 
W) to/from a cassette CR. One cassette CR contains a 
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plurality of wafers W, for example, 25 wafers W. The 
first processing block 11 is composed of a variety of 
single wafer process units that are disposed at 
predetermined positions and that perform predetermined 
5 SOD coating processes. The second processing block 12 

is composed of a variety of single wafer process units 
that are disposed at predetermined positions and whose 
heating process units deal with higher temperature 
processes than heating process units of the first 

10 processing block 11. 

As shown in Fig. 1, in the cassette block 10, a 
plurality of wafer cassettes CR, for example, up to 
four wafer cassettes CR, are aligned in the X direction 
at protruded positions on a cassette table 20 in such a 

15 manner that wafer loading/unloading openings of the 

cassettes CR face the first processing block 11. A 
wafer transfer mechanism 21 selectively accesses each 
wafer of each wafer cassette CR in the cassette 
arrangement direction (X direction) and the wafer 

20 arrangement direction (Z direction, vertical direction). 

In addition, the wafer transfer mechanism 21 can be 
rotated in the 6 direction. As will be described later, 
the wafer transfer mechanism 21 can also access a 
transferring and cooling plate (TCP) of a multi-staged 

25 process unit portions of a third group G3 of the first 

processing block 11. 

As shown in Fig. 1, the first processing block 11 



has a first main transfer mechanism 22 of vertical 
transferring type at a center portion. At least one 
group of process units is disposed as multi- staged 
processing units around the first main transfer 
mechanism 22. In the example shown in Figs. 1 to 3 , the 
first processing block 11 is composed of five groups of 
multi-staged processing units- The five groups are Gl, 
G2 , G3, G4 , and G5 . The first and second groups Gl and 
G2 as multi- staged processing units are disposed on the 
front side (near side in Fig. 1) of the system. The 
third group G3 as multi- staged processing units is 
disposed adjacent to the cassette block 10. The fourth 
group G4 as multi- staged processing units is disposed 
adjacent to the second processing block 12. 

As shown in Fig. 2, in the first group Gl, two SOD 
coating process units (SCT) are disposed multi-staged 
from the bottom. In each SOD coating process unit (SCT), 
a wafer W is placed on a spin chuck in a cup CP. An 
insulation film material is supplied. By rotating the 
wafer W, a coating film is equally coated thereon. 

In the second group G2 , an SOD coating process 
unit (SCT) is disposed on an upper stage. When 
necessary, an SOD coating process unit (SCT), a solvent 
exchanging process unit (DSE), and so forth may be 
disposed on lower stages of the second group G2 . 

As shown in Fig . 3 , in the third group G3 , a 
transferring and cooling plate (TCP), two cooling 
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process units (CPL), a transition unit (TRS) , and two 
low temperature heating process units (LHP) are 
disposed multi-staged from the bottom. When necessary, 
an aging process unit (DAC) may be disposed on a lower 
5 stage of the low temperature heating process unit (LHP). 

The aging process unit (DAC) has an air-tight process 
chamber. In the air-tight process chamber, with NH3 + 
H20 supplied therein, an aging process is performed for 
a wafer W so as to cause the insulation film material 
W 10 to wet gel. 

fll In the fourth group G4 , a transferring and cooling 

y3 plate (TCP), three cooling process units (CPL), a 

s" transition unit (TRS), and a low temperature heating 

jL process unit (LHP) are disposed on multi- staged from 

j| 15 the bottom. When necessary, the aging process unit 

Tl (DAC) may be disposed on a lower stage of the low 

temperature heating process unit (LHP) . 

The transferring and cooling plate (TCP) is 
composed of two stages, having a cooling plate that 
20 cools a wafer W at the bottom and a transferring table 

on the top. The transferring and cooling plate (TCP) 
transfers a wafer W between the cassette block 10 and 
the first processing block 11. Likewise, the transition 
unit (TRS) transfers a wafer W between the cassette 
25 block 10 and the first processing block 11. The cooling 

process unit (CPL) has a cooling plate on which a wafer 
W is placed. The cooling process unit (CPL) performs a 
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cooling process for a wafer W. 

Moreover, in the SOD system 1 # as was described 
above, the fifth group G5 as multi-staged processing 
units is disposed on the rear side of the first main 
5 transfer mechanism as depicted by a broken line. The 

fifth group G5 as multi-staged processing units can be 
shifted sideward along a guide rail 2 5 viewed from the 
first main transfer mechanism 22. Thus, even if the 
fifth group G5 as multi-staged processing units is 

10 disposed as shown in Fig. 1, since it is slid along the 

guide rail 25, a maintenance space can be kept. Thus, a 
maintenance work can be easily performed on the rear of 
the first main transfer mechanism 22. Alternatively, 
even if the fifth group G5 as multi- staged processing 

15 units is rotated outside the system as depicted by a 

two-way dot -dash arrow mark rather than linearly slid 
along the guide rail 25, a maintenance space can be 
kept for the first main transfer mechanism 22. 

As was described above, in the second processing 

20 block 12, a sixth group G6 having high temperature 

heating process units is disposed on the front side of 
the system. Likewise, a seventh group G7 having high 
temperature heating process units is disposed on the 
rear side of the system. Between the sixth group G6 and 

25 the seventh group G7 , a second main transfer mechanism 

23 is disposed. The second main transfer mechanism 23 
accesses the fourth group G4 , the sixth group G6 , and 



18 



the seventh group G7 and transfers a wafer W thereto. 
As with the first main transfer mechanism 22, the 
second main transfer mechanism 23 is of vertical 
transferring type . 
5 The SOD system 1 is disposed in for example a 

clean room. The atmosphere of the first main transfer 
mechanism 22 is controlled so that the pressure therein 
is higher than the atmospheric pressure of the clean 
room. Thus, particles that take place in the first main 
10 transfer mechanism 22 are exhausted from the SOD system 

1. On the other hand, the higher pressure prevents 
particles in the clean room from entering the SOD 
system 1 . 

As shown in Figs. 2 and 3, the sixth group G6 is 
15 composed of two .multi-functional hot plate curing units 

(MHC) , which are process units according to the present 
invention, a micro wave process unit (MW) , and an 
electron beam process unit (EB) arranged on respective 
stages upward in succession. The micro wave process 
20 unit (MW) and the electron beam process unit (EB) 

radiate a microwave and an electron beam to a film so 
as to heat and reform the film, respectively. On the 
other hand, the seventh group G7 is composed of three 
multi-functional hot plate curing units (MHC), which 
2 5 are units according to the present invention, and an 

ultraviolet ray process unit (UV) arranged on 
respective stages upward in succession. The ultraviolet 
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ray process unit (UV) radiates an ultraviolet ray to a 
film so as to heat and reform it. 

Figs. 4 and 5 are a perspective view and a 
sectional view showing the above-mentioned multi- 
5 functional hot plate curing unit (MHC) . 

The multi-functional hot plate curing unit (MHC) 
has a heating process chamber 151 and a load lock 
chamber 152. The load lock chamber 152 is disposed 
adjacent to the heating process chamber 151. The 

10 heating process chamber 151 is air-tightly structured 

with a closable gate valve 174 so as to transfer a 
wafer W with the load lock chamber 152. 

A heating plate 156 is disposed at a nearly center 
portion of the heating process chamber 151. The heating 

15 plate 156 is used to perform a heating process for a 

wafer W. In the heating plate 156, for example a heater 
(not shown) is buried. The heating temperature can be 
set in the range from for example 100 QC to 800 QC. In 
the heating plate 156, a plurality of, for example, 

20 three holes 157 are vertically formed in concentric 

circle shapes. Support pins 158a that support a wafer W 
are inserted into the holes 157 so that the support 
pins 158a are raised and lowered. On the rear surface 
of the heating plate 156, the support pins 158a are 

25 integrally connected to a connecting member 159. The 

connecting member 159 is raised and lowered by a 
raising/lowering cylinder 160 disposed below the 
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connecting member 159. As the raising/lowering cylinder 
160 is raised and lowered, the support pins 158a 
protrude and sink from/in the front surface of the 
heating plate 156. 
5 In addition, a plurality of proximity pins 161 are 

disposed on the front surface of the heating plate 156. 
The proximity pins 161 prevent a wafer W for which a 
heating process is performed from contacting the 
O heating plate 156. Thus, when the heating process is 

yi 10 performed, the wafer W is prevented from being charged 

p with static electricity. 

yj In addition, a nitrogen supplying opening 124 and 

s 5 an oxygen supplying opening 122 are formed at an upper 

L portion of the heating process chamber 151. Through the 

15 nitrogen supplying opening 124, inert gas, for example, 

~f nitrogen is supplied to the heating process chamber 151. 

Through the oxygen supplying opening 122, oxygen is 
supplied to the heating process chamber 151. The 
nitrogen supplying opening 124 is connected to a 
20 nitrogen gas supply source 126 through a valve 132. The 

valve 132 controls open/close states of the supply of 
nitrogen gas. Likewise, the oxygen supplying opening 
122 is connected to an oxygen supply source 121 through 
a valve 130. The valve 130 controls open/close states 
25 of the supply of oxygen. In addition, a first nitrogen 

temperature controller 125 is disposed between the 
nitrogen gas supply source 126 and the valve 132. The 
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first nitrogen temperature controller 125 adjusts the 
temperature of nitrogen gas supplied from the nitrogen 
gas supply source 12 6 to the chamber. Likewise, an 
oxygen temperature controller 140 is disposed between 
5 the oxygen supply source 121 and the valve 130. The 

oxygen temperature controller 140 adjusts the 
temperature of oxygen supplied from the oxygen supply 
source 121 to the chamber. With the first nitrogen 
C3 temperature controller 12 5 and the oxygen temperature 

iw! J 

yj 10 controller 140 that control the gas temperatures, a 

Oi film can be formed in an optimum state without 

En 

^3 adversely affecting the heating process temperature. In 

addition, an exhaust opening 123 is formed at an upper 

Lis 

L portion of the heating process chamber 151. Through the 

15 exhaust opening 123, gas is exhausted from the heating 

j*f process chamber 151. The exhaust opening 123 is 

connected to an ejector (not shown) through a valve 131 

The ejector reduces the pressure to around 100000 Pa 
that is slightly lower than the atmospheric pressure. 
20 The valve 131 controls open/close states of the ejector 

(Hereinafter, the gas exhaust of the ejector is 
referred to as normal exhaust.) The open/close states 
of the valves 130, 131, and 132 are controlled 
corresponding to the measured results of a gas sensor 
25 172a and a pressure sensor 172b. The gas sensor 172a 

measures the oxygen concentration in the heating 
process chamber 151. The pressure sensor 172b measures 
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the pressure in the heating process chamber 151. 

In addition, a pressure reducing exhaust opening 
168 is disposed at a lower portion of the heating 
process chamber 151. The exhaust opening 168 is 
5 connected to for example a vacuum pump 170. With the 

operation of the vacuum pump 170, the inner pressure of 
the heating process chamber 151 can be set to a 
pressure lower than the atmospheric pressure, for 

f=% example, 1330 Pa or lower, more preferably around 13 Pa. 

^ 10 (Hereinafter, the pressure reduction by the vacuum pump 

fil 

JU; 170 is referred to as vacuum exhaust). The operation of 

~:i the vacuum pump 170 is controlled by a controller 167 

aa = !a corresponding to the measured result of the pressure 

^ sensor 172b. 

15 An opening 181 (see Fig. 4) is disposed in the 

O load lock chamber 152. Through the opening 181, a wafer 

W is transferred from and to the second main transfer 
mechanism 23. The opening 181 is opened and closed with 
a shutter 164. With the shutter 164 and the above- 
20 described gate valve 174, the load lock chambe r 152 i s 

air- tightly closed. 

A nitrogen supply opening 128 is formed at an 
upper portion of the load lock chamber 152. Through the 
nitrogen supply opening 128, nitrogen is supplied. The 
25 nitrogen supply opening 128 is connected to the 

nitrogen gas supply source 126 through a valve 134. The 
valve 134 controls open/close states of the supply of 
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nitrogen gas. In addition, a second nitrogen 
temperature controller 127 is disposed between the 
nitrogen gas supply source 126 and the valve 134. The 
second nitrogen temperature controller 127 adjusts the 
5 temperature of nitrogen gas supplied from the nitrogen 

gas supply source 126 to the chamber. In the chamber, a 
gas sensor 143a and a pressure sensor 143b are disposed. 

The open/close states of the valve 134 and the 
operation of a vacuum pump 142 are controlled 

10 corresponding to the measured results of the gas sensor 

143a and the pressure sensor 143b. The gas sensor 143a 
measures the concentration of oxygen in the chamber. 
The pressure sensor 143b measures the pressure in the 
chamber. An exhaust opening 141 is disposed at an 

15 inner lower portion of the load lock chamber 152. 

Through the exhaust opening 141, the inner pressure of 
the chamber is reduced. The exhaust opening 141 is 
connected to for example the vacuum pump 142. With the 
operation of the vacuum pump 142 under the control of 

20 the controller 167, the inner pressure of the load lock 

chamber 152 is reduced. 

A transferring arm 176 is disposed in the load 
lock chamber 152. The transferring arm 176 has a 
temperature adjusting portion that adjusts_the 

2 5 temperature of a wafer W. The transf erring - arm 176 is 

horizontally movable by a moving mechanism 177b along a 
guide member 17 7a. The temperature of the transferring 
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arm 176 can be set in the range from 15 to 25 QC. The 
transferring arm 176 can enter into the heating process 
chamber 151 through the gate valve 17 4. The 
transferring arm 17 6 receives a wafer W that has been 
5 heated by the heating plate 156 of the heating process 

chamber 151 through the support pins 158a and then 
loads the wafer W to the load lock chamber 152 so as to 
adjust the temperature of the wafer W. As the 
temperature adjusting mechanism, for example cooling 

10 water or a Peltier element is used. 

Below the transferring arm 176, support pins 158b 
are disposed in the heating process chamber 151. As 
with the support pins 158a, the support pins 158b 
protrude and sink. The support pins 158b are integrally 

15 connected to a supporting member 159 on the rear 

surface of the transferring arm 176. The supporting 
member 159 is raised and lowered by a raising/lowering 
cylinder 160 disposed below the supporting member 159. 
The support pins 158a, for example, three pins can 

20 protrude and sink from/in cut-out portions 176a of the 

transferring arm 176 as shown in Fig. 4. 

Referring to Fig. 6, an upper wall portion 75a, a 
side wall portion 7 5b, and a lower wall portion 7 5c are 
formed so that they surround an area R including the 

25 heating plate 156. In the wall portions 75a, 75b, and 

75c, temperature adjusting mechanisms 100a, 100b, and 
100c are disposed, respectively. The temperature 
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adjusting mechanism 100a # 100b, and 100c adjust the 
temperature of the area R. Each of the temperature 
adjusting mechanisms 100a to 100c is composed of a 
heater 70 and a cooling pipe 80 buried in the 
5 respective walls. The controller 167 (see Fig. 5) 

controls the power supplied to the heaters 70 and the 
temperature and amount of cooling water supplied to the 
cooling pipes 80. With the temperature adjusting 
mechanisms 100a to 100c, the inner temperature of the 

10 process chamber can be more accurately controlled. 

Alternatively, as shown in Fig. 6, the upper wall 
portion 75a of the heating process chamber 151 may be 
divided into five areas Rl to R5 . Each area may be 
controlled by the temperature adjusting mechanism 100. 

15 Likewise, the lower wall portion 7 5c may be divided 

into five areas. Each area may be controlled by the 
temperature adjusting mechanism 100c. Moreover, the 
side wall portion 7 5b may be divided into three areas 
R6 to R8 . Each area may be independently controlled by 

20 the temperature adjusting mechanism 100b. As a result, 

while the inner temperature of the heating process 
chamber 151 is accurately controlled, an air flow 
therein can be controlled. For example, when a higher 
temperature is set to the upper area than the lower 

2 5 area, an upward air flow deliberately takes place. Thus, 

sublimates and so forth that take place from a wafer W 
can be securely exhausted to the outside (for example. 



through an exhaust opening) without adversely affecting 
the wafer W. 

As shown in Figs. 2 and 3, the vacuum pump 170, 
the gas supply sources 121 and 126, and so forth are 
disposed in a chemical chamber 30 disposed below the 
multi-functional hot plate curing unit (MHC). 

Next, with reference to a flow chart shown in Fig. 
7, processing steps of the SOD system 1 will be 
described. 

First of all, in the cassette block 10, a wafer W 
that has not been processed is transferred from a wafer 
cassette CR to the transfer table or the transition 
unit (TRS) of the transferring and cooling plate (TCP) 
of the third group G3 on the first processing block 11 
side through the wafer transfer mechanism 21. 

The wafer W transferred to the transfer table of 
the transferring and cooling plate (TCP) is transferred 
to the cooling process unit (CPL) through the first 
main transfer mechanism 22. In the cooling process unit 
(CPL), the wafer W is cooled to a temperature suitable 
for the process of the SOD coating process unit (SCT) 
(step 1). The wafer W for which the cooling process has 
been performed by the cooling process unit (CPL) is 
transferred to the SOD coating process unit (SCT) 
through the first main transfer mechanism 22. In the 
SOD coating process unit (SCT), the SOD coating process 
is performed for the wafer W (step 2). 



The wafer W for which the SOD coating process has 
been performed by the SOD coating process unit (SCT) is 
transferred to the low temperature heating process unit 
(LHP) through the first main transfer mechanism 22. In 
the low temperature heating process unit (LHP), the low 
temperature heating process is performed for the wafer 
W ( step 3 ) . 

After the low temperature heating process has been 
performed for the wafer W by the low temperature 
heating process unit (LHP), the wafer W is transferred 
to the ultraviolet ray process unit (UV) through the 
transfer table of the transferring and cooling plate 
(TCP) or the transition unit (TRS) of the fourth group 
G4 through the second main transfer mechanism 23. In 
the ultraviolet ray process unit (UV) , the wafer W is 
processed with an ultraviolet ray with a wavelength of 
172 nm (step 4). In the process using the ultraviolet 
ray, the ultraviolet ray process unit (UV) is filled 
with nitrogen gas sprayed as an atmospheric gas. In the 
state, an ultraviolet ray is radiated from an 
ultraviolet ray radiating lamp for a time period of for 
example one minute. 

Instead of the ultraviolet ray process or after 
the ultraviolet ray process has been performed, an 
electron beam process or a micro wave process may be 
performed by the electron beam process unit (EB) or the 
micro wave process unit (MW) of the sixth group G6 . 
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After the ultraviolet ray process has been 
performed for the wafer W, it is transferred to the 
cooling process unit (CPL) of the fourth group G4 
through the second main transfer mechanism 23. In the 
5 cooling process unit (CPL), the wafer W is cooled (step 

5) . 

After the cooling process has been performed for 
the wafer W by the cooling process unit (CPL), the 
r-i wafer W is transferred to the SOD coating process unit 

10 (SCT) through the first main transfer mechanism 22 once 

^ again. In the SOD coating process unit (SCT), the SOD 

^ coating process is performed for the wafer W once again 

la a? 

^ m as a second process (step 6). At that point, since the 

ultraviolet ray process has reformed the insulation 
H 15 film material coated on the wafer W so that the front 

O surface of the insulation film material has a low 

contact angle, even if insulation film material is 
further coated on the wafer W, the surface does not 
become rough. 

20 After the SOD coating process has been performed 

for the wafer W by the SOD coating process unit (SCT), 
the wafer W is transferred to the low temperature 
heating process unit (LHP) through the first main 
transfer mechanism 22. In the low temperature heating 

25 process unit (LHP), the low temperature heating process 

is performed for the wafer W (step 7). 

After the low temperature heating process has been 
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performed for the wafer W by the low temperature 
heating process unit (LHP) , the wafer W is transferred 
to the multi-functional hot plate curing unit (MHC) 
through the second main transfer mechanism 23. In the 
5 multi-functional hot plate curing unit (MHC), the 

heating process and the temperature adjusting process 
are performed at the predetermined oxygen concentration 
and pressure (step 8). 

□ Thereafter, the wafer W is transferred to the 

-J 3 

%y 10 cooling plate of the transferring and cooling plate 

m (TCP). On the cooling plate of the transferring and 

fii 

cooling plate (TCP), the cooling process is performed 
7" for the wafer W (step 9). 

[7 After the cooling process has been performed for 

15 the wafer W by the transferring and cooling plate (TCP), 

p the wafer W is transferred to the wafer cassette CR 

through the wafer transfer mechanism 21 in the cassette 

block 10. 

Next, with reference to Figs. 4 and 5, the heating 
20 operation of the multi-functional hot plate curing unit 

(MHC) will be described. 

First of all, the shutter 164 is opened. 
Thereafter, the second main transfer mechanism 23 that 
holds a wafer W enters into the load lock chamber 152 
25 through the opening 181. The wafer W is placed on the 

transferring arm 176 through the support pins 158b. 
Thereafter, the shutter 164 is closed. Thus, the load 
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lock chamber 152 is air-tightly closed. Thereafter, 
while the inner pressure of the load lock chamber 152 
is reduced by the vacuum pump 142, the valve 134 is 
opened and nitrogen is supplied to the load lock 
5 chamber 152 so that the inner pressure thereof becomes 

the same as the atmospheric pressure. At that point, 
the oxygen concentration is decreased until it becomes 
around 20 ppm. Thus, the wafer W can be prevented from 
being oxidized. If nitrogen is purged, while the inner 

10 pressure is reduced, the throughput can be improved. At 

that point, the inner pressure of the heating process 
chamber 151 is reduced (vacuum exhausted) and nitrogen 
is purged therefrom so that the inner pressure and 
oxygen concentration of the heating process chamber 151 

15 become the same as those of the load lock chamber 152. 

Thereafter, the gate valve 174 is opened. While 
the temperature of the wafer W is being adjusted, the 
wafer W is transferred to the heating process chamber 
151. The wafer W is placed on the support pins 158a 

20 that have protruded from the front surface of the 

heating plate 156. In such a manner, while the 
temperature of the wafer W that has not been heated is 
being adjusted, the wafer W is transferred. Thus, the 
heat history of the wafer W can be equal. 

25 After the wafer W has been transferred to the 

heating plate, the transferring arm 176 is returned to 
the original position. Thereafter, the gate valve 174 
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is closed. As a result, an air-tightly closed space is 
formed in the heating process chamber 151. Thereafter, 
the heating process is started by the heating plate 156 
Fig. 9 shows the relation among heating process 
5 temperature, pressure, and heating process time period 

(as processing condition 1) according to the embodiment 
(Processing Condition 1) 

According to the embodiment, referring to Figs. 8A 
p to 8E, the heating process is performed at a 

j~i 10 temperature of 150 QC at an atmospheric pressure of 

g^jj 101300 Pa for a time period of for example 30 seconds 

^ (see Fig 8A) . As a result, solvent contained in the 

^ insulation film is volatilized . Thereafter, the gate 

valve 174 is opened. As shown in Fig. 8B, the wafer W 
15 is transferred from the heating plate 156 to the 

Q transferring arm 176. While the temperature adjusting 

process is being performed for the wafer W at a 
temperature of for example 23 QC, the wafer W is loaded 
to the load lock chamber 152 (see Fig. 8C) . Thereafter, 
20 the heating process chamber 151 is vacuum exhausted 

until the inner pressure thereof becomes for example 
100 Pa. Thereafter, the temperature of the heating 
plate 156 is raised. At that point, the inner pressure 
of the load lock chamber 152 is reduced so that the 
25 inner pressure of the load lock chamber 152 becomes the 

same as the inner pressure of the heating process 
chamber 151. Thereafter, the gate valve 174 is opened 
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(see Fig. 8D). The wafer W is transferred from the 
transferring arm 176 to the heating plate 156 once 
again. On the heating plate 156, the heating process is 
performed for the wafer W at a predetermined 
5 temperature of 450 QC at a pressure of 100 Pa for a 

time period of for example 20 minutes (see Fig. 8E) . As 
a result, an insulation film is formed on the wafer W 
by a polymerizing reaction. 

In such a manner, after the predetermined heating 

10 process has been performed for a wafer W by the heating 

process chamber 151, when a processing condition of the 
heating process chamber 151 is changed, the wafer W is 
temporarily placed in the load lock chamber 152 whose 
inner pressure and atmosphere are the same as those of 

15 the heating process chamber 151, an insulation film can 

be stably formed and the film quality can be properly 
maintained. 

In the heating process of the heating process 
chamber 151, while the normal exhaust is performed, 

20 oxygen may be supplied to the chamber so that the 

oxygen concentration may be varied at a constant inner 
pressure. Thus, the front surface of the insulation 
film can be more hardened. Alternatively, when the 
inner pressure, the oxygen concentration, the air flow, 

2 5 and so forth of the chamber are controlled with only 

the normal exhaust , a variety of types of low 
dielectric constant films and high dielectric constant 



films can be formed with high quality. 
(Processing Condition 2) 

As shown in Fig. 10, a wafer W is transferred by 
the second main transfer mechanism 23 to the load lock 
chamber 152 through the opening 181. Thereafter, the 
load lock chamber 152 and the heating process chamber 
151 are air- tightly closed. The inner pressures of the 
load lock chamber 152 and the heating process chamber 
151 are reduced (vacuum exhausted) and nitrogen is 
supplied thereto in such a manner that the oxygen 
atmosphere and pressure (atmospheric pressure) of the 
load lock chamber 152 become the same as those of the 
heating process chamber 151. The wafer W is transferred 
to the heating process chamber 151 through the gate 
valve. In the heating process chamber 151, the heating 
process is performed for the wafer W at a heating 
temperature of 160QC at an atmospheric pressure for a 
time period of 20 seconds. As a result, solvent 
contained in the insulation film is volatilized. In the 
load lock chamber 152 that is air- tightly closed, the 
temperature adjusting process is performed for the 
wafer W under an atmospheric pressure for a time period 
of 10 seconds at a temperature of 23QC. In this state, 
the temperature of the heating plate of the heating 
process chamber 151 is raised. In the heating process 
chamber 151 that is air-tightly closed, the heating 
process is performed for the wafer W under an 
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atmospheric pressure for a time period of 15 minutes at 
a temperature of 450QC so that a polymerizing reaction 
is performed for the wafer W. In the load lock chamber 
152 that is air-tightly closed, the inner pressure is 
5 reduced (vacuum exhausted). In the state, the 

temperature adjusting process is performed for the 
wafer W at a temperature of 23QC for a time period of 
10 seconds. In addition, the atmospheres of the heating 
O process chamber 151 and the load lock chamber 152 are 

,n 10 set so that the atmospheres thereof becomes the same. 

The wafer W is transferred to the heating process 
% chamber 151 once again (for the third time). In the 

^ heating process chamber 151, the heating process is 

f~ performed for the wafer W at a pressure of 100 Pa, at a 

15 heat process temperature of 600QC for a time period of 

□ 10 seconds. As a result, a porous film is formed on the 

wafer W (as a post treatment process). In the post 
treatment process, an insulation film with a low 
dielectric constant (for example, a relative dielectric 
20 constant in the range from 1.5 to 3.5) can be formed. 

(Processing Condition 3) 

Fig. 11 shows processing condition 3 according to 
the embodiment of the present invention. In the 
processing condition 3, in addition to a water cooling 
25 mechanism of the transferring arm 176, for example a 

heater is built in the transferring arm 176. A wafer W 
can be heated at a predetermined temperature in the 
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range from 15QC to 250QC. 

In the processing condition 3, a wafer W is 
transferred by the second main transfer mechanism 23 to 
the load lock chamber 152 through the opening 181. The 
5 load lock chamber 152 is air- tightly closed. While the 

inner pressure of the load lock chamber 152 is being 
reduced, the wafer W placed on the transferring arm 176 
is heated at a temperature of for example 180QC for a 
time period of 20 seconds. As a result, solvent 

10 contained in the insulation film is volatilized. 

Thereafter, the wafer W is transferred to the heating 
process chamber 151 whose inner pressure and atmosphere 
are the same as those of the load lock chamber 152. In 
the heating process chamber 151, the heating process is 

15 performed for the wafer W at a temperature of for 

example 450QC for a time period of for example 25 
minutes. Thereafter, the inner pressures of the heating 
process chamber 151 and the load lock chamber 152 are 
raised. The wafer W is removed from the heating process 

20 chamber 151 by the transferring arm 176. Thereafter, 

the temperature adjusting process is performed for the 
wafer W at a temperature of 23QC. 

Fig. 12 shows the relation among heating time 
period, heating temperature, and oxygen concentration 

25 in the processing condition 1 performed in the heating 

process chamber 151. As shown in Fig. 12, after the 
heating process is started (nitrogen gas is supplied) , 
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an oxygen concentration of around 200000ppm is 
decreased to 20ppm in a time period of for example 10 
to 30 seconds. In other words, the inner pressure of 
the heating process chamber 151 is reduced at a 
5 velocity V in the range from around 6000ppm/second to 

20000ppm/second. The pressure reduction is performed by 
the vacuum exhaust or both the vacuum exhaust and the 
normal exhaust while nitrogen is supplied so that an 
atmospheric pressure of 101300 (Pa) is maintained (see 

10 Fig. 9). More preferably, after the heating process is 

started, the inner pressure is reduced for a time 
period of around 20 seconds (namely, at a velocity of 
around lOOOOppm/second) . Since the atmosphere of the 
chamber is purged with nitrogen while the inner 

15 pressure of the chamber is being reduced, the oxygen 

concentration can be more quickly decreased. After the 
heating process had been started, when 30 seconds 
elapsed, the heating temperature becomes in the range 
from around 100QC to 200QC. According to the embodiment, 

20 the heating temperature is for example 150QC. 

After the heating process had been started, when 
30 seconds elapsed, the supply amount of oxygen gas or 
HMDS is controlled so that the oxygen concentration 
becomes 20ppm. In the state, the heating process is 

25 performed at a heating temperature of 450QC for a time 

period in the range from 3 to 30 minutes (for a time 
period of 20 minutes according to the embodiment). 
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When the oxygen concentration is quickly decreased 
at a velocity in the range from around 6000ppm/second 
to 20000ppm/second, an insulation film whose specific 
dielectric constant ranges from for example 1.5 to 3.5 
5 and that has a predetermined hardness can be formed. 

Fig. 13 shows the case that the oxygen 
concentration is increased while the heating process is 
being performed as shown in Fig. 12. In this case, 
after the heating process had been started, when for 

10 example 10 minutes elapsed, oxygen is supplied to the 

heating process chamber 151 until the oxygen 
concentration becomes 200ppm (denoted by letter A). In 
the state, the heating process is performed at a 
heating temperature of 4 50QC for a time period in the 

15 range from 10 minutes to 20 minutes. While the heating 

process is being performed, the normal exhaust is 
performed. In addition, for example, 15 minutes later, 
the oxygen concentration is increased from 20ppm to 
200ppm. In the state, the heating process is performed. 

20 As a result, only the front surface of the insulation 

film is oxidized. Thus, the front surface of the 
insulation film can be more hardened. 

The oxygen concentration denoted by a letter A may 
be increased by the vacuum exhaust rather than the 

2 5 normal exhaust. 

(Processing condition 4) 

Fig. 14 shows processing condition 4 according to 
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the embodiment of the present invention. Fig. 15 shows 
the relation between elapsed time and oxygen 
concentration in the processing condition 4 . As with 
the processing condition 3, in the processing condition 
5 4 # in addition to the water cooling mechanism, with the 

heater built in the arm, a wafer W can be heated at a 
predetermined temperature in the range from 15QC to 
250QC. In the processing condition 4, a valve, a supply 
□ opening, an oxygen heater, and so forth (not shown) are 

iji 10 disposed so that oxygen is supplied from the oxygen 

m supply source 121 shown in Fig. 5 to the load lock 

^ chamber 152. 

~~ While the inner pressure of the load lock chamber 

152 is being reduced from an atmospheric pressure to 

15 around 133Pa, the wafer W is heated by the heater of 

£3 the transferring arm 176 at a temperature of 150QC for 

a predetermined time period. Thereafter, the gate valve 
174 is opened and the wafer W is transferred to the 
heating process chamber 151. After the gate valve 174 

20 is closed, the oxygen concentration is quickly 

decreased at a velocity in the range from around 
6000ppm/second to 20000ppm/second until the inner 
pressure of the heating process chamber 151 becomes 
20ppm. At that point, the oxygen concentration of the 

25 load lock chamber 152 is gradually decreased to 20ppm. 

The wafer W is heated by the heating plate 156 in the 
heating process chamber 151 at an inner pressure of 
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around 133 Pa at a temperature of 4 5QC for a 
predetermined time period- Thereafter, the gate valve 
174 is opened. The wafer W is placed on the 
transferring arm 176 and transferred to the load lock 
5 chamber 152. Thereafter, the gate valve 174 is closed. 

In the load lock chamber 152, while the temperature of 
the wafer W is adjusted to 23QC, oxygen gas at a 
temperature in the range from for example 300QC to 
fi 350QC supplied from the oxygen supply source 121 is 

y5 10 sprayed to the front surface of the wafer W for a time 

«~ period in the range from 10 seconds to 20 seconds. 

^ Instead of oxygen gas, a mixture of oxygen gas and 

***** nitrogen gas may be sprayed on the front surface of the 

f* wafer W so that the oxygen concentration is controlled. 

15 Thus, in the load lock chamber 152, the oxygen 

O concentration is increased until 200ppm (denoted by a 

letter A in Fig 15). Thus, only the front surface of 
the insulation film is oxidized and the front surface 
of the insulation film can be more hardened. 
20 In addition, after the temperature adjusting 

process and the surface oxidizing process are performed 
in the load lock chamber 152, when the wafer W is 
transferred from the load lock chamber 152 through the 
opening 181, the wafer W is directly exposed to the 
2 5 atmosphere. However, since the temperature of the wafer 

W has been lowered to 23QC by the temperature adjusting 
process and the front surface of the insulation film 



has been oxidized, the wafer W is not further oxidized. 
Thus, an insulation film can be formed with high 
quality. 

In the processing conditions 1 to 4, when the gate 
valve 174 is opened, since nitrogen gas is being 
successively supplied to the heating process chamber 
151, the inner pressure of the heating process chamber 
151 is higher than the inner pressure of the load lock 
chamber 152, particles can be prevented from entering 
from the load lock chamber 152 to the heating process 
chamber 151. Thereafter, the wafer W is unloaded from 
the heating process chamber 151 by the transferring arm 
176. While the temperature of the unloaded wafer W is 
being adjusted at for example 23QC, the wafer W is 
transferred to the load lock chamber 152. In the load 
lock chamber 152, the wafer W is transferred to the 
second main transfer mechanism 23 through the support 
pins 158b. 

According to the embodiment , when the SOD coating 
process is performed one time, an insulation film with 
a thickness of around 500nm can be coated. Thus, when 
the SOD coating process is performed two times, an 
insulation film with a thickness of l}im can be coated. 

As was described above, with one multi-functional 
hot plate curing unit (MHC), for example, a various 
types of low dielectric constant films, high dielectric 
constant films, or porous films can be formed. In 
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addition, when the wafer W is temporarily placed in the 
load lock chamber 152 adjacent to the heating process 
chamber 151 without need to be transferred to another 
unit, the transferring time period for the wafer W can 
5 be shortened. In addition, footprints can be decreased. 

Fig. 16 is a sectional view showing the structure 
of a multi-functional hot plate curing unit (MHC) 
according to another embodiment of the present 
O invention. For simplicity, in Fig. 16, similar 

yi 10 structural portions to those in Fig. 5 will be denoted 

;j=;Kjs 

m by similar reference numerals and their description 

^ will be omitted. In addition, in Fig. 16, the gas 

J™ supplying openings 122, 124, and 128, and the exhaust 

[7 openings 123, 168, and 128 shown in Fig. 5 are omitted. 

15 A lid member 4 7 is disposed at an upper portion of 

H a heating plate 156. The lid member 47 can be raised 

and lowered by the operation of a driving motor 26. As 
the lid member 4 7 is raised and lowered, a flange 
portion 47a (see Fig. 17) of the lid member 47 contacts 
20 a cylindrical receiving member 48 disposed around a 

heating plate 156. As a result, a heating process space 
R in which a heating process is performed for a wafer W 
is formed. In addition, a canopy member 49 is disposed 
toward an opening 6 3 on a load lock chamber 152 side of 
25 the heating plate 156. As shown in Fig. 7, an edge 

portion 49a on the opening 63 side of the canopy member 
49 is formed in a square shape. The length in the Y 
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direction of the edge portion 49a is denoted by L. For 
example, the length L is larger than the diameter of 
the wafer W. The length L is almost equal to the width 
in the Y direction of the opening 63. In addition, as 
5 shown in Figs. 17 and 18, a plurality of supply 

openings 71 for supplying inert gas for example 
nitrogen gas to the heating process space R are formed. 
Thus, nitrogen gas is supplied from a nitrogen gas 
supply source 126 to the chamber through a supply pipe 

10 85 and a valve 85a. The nitrogen gas is exhausted 

through an exhaust opening 47b formed at a center 
portion of the lid member 47. 

A shielding member (not shown) is disposed at a 
portion contacted to the receiving member 48 of the 

15 flange portion 47a. Thus, the air tightness of the 

heating process space R is improved. Alternatively, the 
shielding member may be disposed on the receiving 
member 4 8 . 

Next, the process and operation of the multi- 
20 functional hot plate curing unit (MHC) will be 

described . 

After a wafer W has been transferred from the 
outside of the unit to the load lock chamber 152, the 
wafer W is placed on the transferring arm 176. As shown 
25 in Fig. 19A, the transferring arm 176 is entered into 

the heating process chamber 151 through the opening 63. 
The support pins 158a are raised and the wafer W is 
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transferred thereto. At that point, the load lock 
chamber 152 has been filled with nitrogen gas. The 
nitrogen gas is supplied to the front surface of the 
wafer W placed at a lower portion of the lid member 4 7 
5 as denoted by an arrow mark through a gas passage 

denoted by a broken line E and formed by the opening 63 
and the canopy member 4 9 of the lid member 4 7 placed 
above the opening 63. Thus, the heating process chamber 
□ 151 is filled with the nitrogen gas. In particular, 

y3 10 since the nitrogen gas is supplied to the space above 

S"i the wafer W, it can be prevented from being oxidized, 

"j* In addition, since the length in the Y direction of the 

J* canopy member 49 is L (see Fig. 17) that is almost the 

L.5.. 

[7 same as the width in the Y direction of the opening 63, 

rl 15 the canopy member 4 9 has a function for regulating the 

UJ 

C3 flow of the nitrogen gas that flows from the load lock 

chamber 152. Thus, a flow of nitrogen gas to the 
heating process chamber 151 can be stably maintained. 
After the transferring arm 176 has been returned 

20 to the original position, as shown in Fig. 19B, the lid 

member 47 is lowered to a position just above the wafer 
W. The nitrogen gas is supplied from the nitrogen gas 
supply source 126 to the heating process space R. In 
the state shown in Fig. 19B, with radiated heat of the 

25 heating plate 156, the heating process is performed for 

the wafer W at a temperature of for example 150QC for a 
time period of 20 seconds. At that point, the nitrogen 
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gas is continuously being supplied from the load lock 
chamber 152. The nitrogen gas contributes to preventing 
the wafer W from being oxidized. 

Thereafter, as shown in Fig. 20, the lid member 4 7 
5 is lowered and thereby the heating process space R is 

formed. As the lid member 4 7 is lowered, as shown in 
Fig. 20, the canopy member 49 is moved to a position 
below the opening 63. As a result, a passage F of the 
nitrogen gas denoted by a broken line is formed. Thus, 

10 the nitrogen gas is effectively supplied to the heating 

process chamber 151. 

As shown in Fig. 21, the nitrogen gas is supplied 
to the heating process space R so that the oxygen 
concentration therein becomes a predetermined low 

15 oxygen concentration. In addition, the heating process 

is performed for the wafer W at a temperature of for 
example 450QC for a time period of for example 10 
minutes . The nitrogen gas is exhausted from the exhaust 
opening 4 7b through the front surface of the wafer W. 

20 Since the heating process is performed in the heating 

process space R that is smaller than the heating 
process chamber 151, not only the wafer W can be 
prevented from being oxidized, but the amount of 
nitrogen gas can be decreased. In addition, since the 

2 5 atmosphere at the predetermined temperature is kept in 

the heating process space R, the power consumption can 
be suppressed. 



After the heating process has been completed for a 
predetermined time period at a predetermined 
temperature, as shown in Fig. 22, a gate shutter 174a 
is opened. The wafer W is transferred to the 
transferring arm 176 through the support pins 158a. 
While the temperature of the wafer W is being adjusted 
to for example 20QC, the wafer W is transferred to the 
load lock chamber 152. At that point, the nitrogen gas 
flows on the front surface of the wafer W from the load 
lock chamber 152 through a passage E. As a result, the 
nitrogen gas effectively prevents the wafer W from 
being oxidized. In addition, since the flow of the 
nitrogen gas is regulated through the passage E, the 
nitrogen gas passes through the front surface of the 
wafer W. Thus, the wafer W can be transferred while the 
nitrogen gas does not adversely affect a circuit 
pattern on the wafer W. 

Figs. 23 and 24 are a front view and a rear view 
showing an SOD system according to another embodiment 
of the present invention. For simplicity, in Figs. 23 
and 24, similar structural portions to those in Figs. 2 
and 3 will be denoted by similar reference numerals and 
their description will be omitted. 

As shown in Figs. 23 and 24, a third group G3 1 is 
composed of a transferring and cooling plate (TCP) , two 
cooling process units (CPL), and a transition unit 
(TRS) arranged upward in succession as multi-staged 
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processing units. 

A fourth group G4 1 is composed of a transferring 
and cooling plate (TCP), three cooling process units 
(CPL), a transition unit (TRS) , and a cooling process 
5 unit (CPL) arranged in succession as multi- staged 

processing units. 

As shown in Figs. 23 and 24, a sixth group G6 ' is 
composed of two multi-functional hot plate curing units 
(MHC), a micro wave process unit (MW) , and an electron 

10 beam process unit (EB) arranged upward in succession as 

multi-staged processing units. A seventh group G7 ' is 
composed of an aging process unit (DAC), two low 
temperature heating process units (LHP), and an 
ultraviolet ray process unit (UV) arranged upward in 

15 succession as multi-staged processing units. Depending 

on a process, the aging process unit (DAC) may be 
disposed on the lowest stage. In Figs. 23 and 24, 
reference numeral 30 represents a chemical chamber. 

In a first processing block 111, the SOD coating 

20 process unit (SCT) is disposed. In a second processing 

block 112, heating process units are disposed. Thus, 
since the heating process units are gathered in the 
second processing block 112 and the coating process 
units are gathered in the first processing block 111 

25 rather than the second processing block 112, the 

heating process units can be suppressed from thermally 
affecting the coating process units. 
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Between the first processing block 111 and the 
second processing block 112, a heat insulation wall 51 
as a heat insulation member composed of for example a 
vacuum layer is disposed. As mentioned above, in 
5 addition to sectionalizing the heating process units 

and the coating process units, the heat insulation wall 
51 is disposed therebetween. Thus, the heating process 
units can further suppressed from thermally affecting 
the coating process units. 

10 In addition, at an upper portion of the second 

processing block 112, an inert gas supplying portion 52 
is disposed. The inert gas supplying portion 52 
supplies inert gas such as nitrogen gas to the second 
processing block 112 so as to control the atmosphere of 

15 the second processing block 112 with the inert gas. At 

a lower portion of the second processing block 112, an 
exhaust portion 53 is disposed. The exhaust portion 53 
exhausts the second processing block 112. In such a 
manner, the atmosphere of the second processing block 

20 112 is controlled with the inert gas. Thus, while a 

heating process is being performed for a wafer W and it 
is being transferred, it can be prevented from being 
oxidized. In particular, since the heating process 
units are gathered in the second processing block 112, 

25 the atmosphere can be effectively controlled. 

Fig. 25 shows another embodiment of the present 
invention. In the embodiment, a temperature adjusting 
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portion 202 is disposed in a wall member 201 that 
surrounds a second processing block 112. The 
temperature adjusting portion 202 adjusts the inner 
temperature of the second processing block 112. In 
5 reality, the temperature adjusting portion 202 is 

composed of for example a heater 203 and a cooling pipe 
204. The heater 203 is buried in the wall member 201. 
The power supplied to the heater 203 and the 
temperature and amount of cooling water supplied to the 

10 cooling pipe 204 are controlled by a controller (not 

shown). With the temperature adjusting portion 202, the 
inner temperature of the second processing block 112 
can be more accurately controlled. 

When the wall member 201 is vertically divided 

15 into three areas SI to S3 and the temperatures thereof 

are independently controlled by the temperature 
adjusting portion 202, while the temperature of the 
second processing block 112 can be more accurately 
controlled, the air flow therein can also be controlled, 

20 For example, when the second processing block 112 is 

controlled in such a manner that the temperature of the 
upper area is higher than that of the lower area, an 
upward air flow deliberately takes place. The upward 
air flow allows sublimates that take place from a wafer 

25 W to be securely exhausted to the outside of the second 

processing block 112 without adversely affecting the 
wafer W. Thus in this case, it is preferred to deliver 
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nitrogen gas from a lower portion and to exhaust gas to 
an upper portion. 

It should be noted that the present invention is 
not limited to the above -described embodiments. 
5 For example, according to the above-described 

embodiments, as a gas that contributes to decreasing 
the oxygen concentration in a heating process chamber, 
nitrogen gas was used. Alternatively, another inert gas 
rj such as argon gas, a reactive gas such as 02 , NH3 , H2, 

10 or 03 , an organic compound such as NH40H (NH3 + H20) or 

m thinner, or a liquid vaporous substance such as HMDS 

^ may be used. 

^ As a method for supplying such gas to the chamber, 

[** the gas may be supplied from an upper portion to a 

15 lower portion of the heating process chamber or from a 

Q lower portion to an upper portion thereof. 

Alternatively, after such gas is heated at a desired 
temperature, the gas may be supplied to a heating 
process chamber. In this case, as the temperature of 
20 the heating process chamber rises or lowers, the 

temperature of the gas may be dynamically varied. As a 
result, the inner temperature of the heating process 
chamber can be more accurately controlled. 

According to the above -described embodiments, the 
25 SOD coating process (SCT), the aging process (DAC), and 

the solvent exchanging process (DSE) were performed two 
times each. Alternatively, these processes may be 
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performed one time each. 

In addition, according to the above-described 
embodiments, as a substrate, a silicon wafer was 
exemplified. Alternatively, the present invention can 
5 be applied to other substrates such as glass substrates 

As was described above, according to the present 
invention, the transferring time period for a wafer W 
can be shortened. In addition, footprints can be 
decreased. Moreover, processing conditions 
10 corresponding to various types of films can be provided 

Thus, films can be formed and maintained in high 
quality. In addition, insulation films with desired 
dielectric constant and desired hardness can be formed. 
The disclosure of Japanese Patent Applications 
15 No. 2000-346620 filed November 14, 2000 and No. 2000- 

346602 filed November 14, 2000, including specification 
drawings and claims are herein incorporated by 
reference in its entirety. 

Although only some exemplary embodiments of this 
20 invention have been described in detail above, those 

skilled in the art will readily appreciated that many 
modifications are possible in the exemplary embodiments 
without materially departing from the novel teachings 
and advantages of this invention. Accordingly, all such 
25 modifications are intended to be included within the 

scope of this invention. 



